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Abstract  
Disassembly is one of the most important elements of product recovery operations. Most of the open literatures on the 
disassembly process were focused mainly on the method, sequencing and planning. The optimum disassembly sequence of a 
product for industrial recycling and remanufacturing requires the intervention of an expert in the work areas. In addition to these 
literatures, systematic studies on the disassembly are still needed for better understanding of its elements. Thus, an experimental 
investigation was conducted to re-evaluate the first existing approach of disassembly process; reverse-assembly method in 
disassembling table top fan. To measure the performances of the method, experiments are conducted in reverse assemble method 
in two ways; manual disassembly and semi-automated disassembly. This is due to the fact that this research work is considering 
on developing an optimum disassembly sequence for automated disassembly process. Factors which affect the performances will 
be analysed and discussed. This paper is the proceeding research on the previous paper titled “Experimental Design for Reverse 
Assembly Based Disassembly Process”. 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and Peer-review under responsibility of the Scientific Committee of MIMEC2015. 
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1. Introduction 
There are considerations to be taken before reuse or recycling each part of any product. Those considerations are 
the kind of each part’s material, the life span of each part, whether each part can/should be melted or not, whether 
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each part can/should be closed or not and whether each part is expensive or not [2]. Thus, a proper end good 
disassembly process will help to produce a good quality of reusable parts/components. 
Basically, the disassemble process of most products is the reversal of their assembly process. Therefore, the 
assembly process can be used as a reference to revise and improve the disassembly process [3,4,5]. Throughout the 
process, some parts might have difficulties to be disassembled because of the part’s materials and the type of the 
fastener used to link it. An effective disassembly process should consider this fact in order to maintain the good 
condition of disassembled parts. 
This research work is focused on manual and semi-automated disassembly process from the perception of the 
reverse - assembly method. The method used in analyzing the experiments is discussed in the next section. The 
performance indicators and the effectiveness throughout the experiment are also discussed to realize the optimal 
disassembly process sequences in maintaining the quality of disassembled parts. 
Obtaining a high quality of disassemble parts is one of the main goals to perform this operation automatically. 
Since the technologies are inflated, the automation of disassembling should be the effective process to be occupied. 
An automated disassembly process possibly will benefit in reducing the costs of disassembling, extending the 
performance of disassembly process, optimizing the different in the recycling process, extending the life cycle of a 
product because of the greater possibility for reconditioning, and create a human friendly working environment in 
disassembling factories [6]. 
 
2. Phase in Disassembling  
The assembly process perception will be conducted first before the disassembly process takes place. Product to 
be disassembled will be studied in terms of its parts, materials, functions, and will be grouped accordingly. Each part 
should be disassemble as the disassembling phase. Several phase in disassembling are illustrated in Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Disassembling phases 
 
3. Experiment 
Comparing to the previous achievement [1] where a similar experiment was conducted on mini toy racing car, the 
experiment in this paper is focusing on implementing disassembly on a table top size fan. It is known that table top 
fan is having slightly bigger screw that theoretically will produce less difficulties to the disassemble process. 
Participants are required to disassemble a table fan by referring to the disassemble steps as shown in Table 1. As 
the disassemble process is reversible from the assembly process the standard operating procedure is the reverse of 
the assembly guide of a table fan provided by the manufacturer. Parts that will be disassembled are grouped into 
categories as indicated in Table 2. Throughout the experiments, time taken will be recorded and compared. 
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The disassembly process is analyzed in terms of some selected performance indicators which is time, difficulties, 
and cost. Both manual and semi-automated disassemble method is compared and the difference between both 
methods will lead to the important decision of optimal disassembly process sequences with consideration on 
automated disassembly implementation. The possibility of fully automated and the effectiveness are the main 
consideration in this study. 
 
Table 1. Table fan disassemble steps 
 
 
 
 
Table 2. Disassemble parts category 
Maintenance Reuse 
Motor Rear / Front guard 
Head supporter Blade 
Cord plug Housing 
Cable / Wire Stand 
 Hook / Clip 
 Oscillation / Fan blade knob Screw 
 
     Table 2 provides the table fan disassemble parts category; for maintenance or recycling purpose. The 
classification is based on the function and the material of each part. This can helps in reducing the number of parts 
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being destructed or wasteful during the disassembly process. In addition, in real manufacturing line the classified 
group can maximize the product quality, minimize the product cost, and also minimize the environmental impacts 
through recycling. 
 
4. Result 
Considering the result obtained from the experiments, there is no significant difference between participants in 
the perspective of gender. The results of the present study also suggest that by using standard of procedure and 
operated in semi-automated, the time taken for the experiment can be reduced to 2 to 3 minutes (refer Fig. 2 and Fig. 
3). The condition of disassemble parts is also maintained in good condition with proper instruction.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Manual disassembly 
 
The finding highlights that the time taken from manual disassembly is slightly higher than semi-automated 
disassembly. Most of the sequences in the disassembly process are improved in semi-automated disassembly, as the 
times recorded are lower than manual disassembly. Especially in the step 6 and 7 where the time taken for both steps 
is drastically reduced when the disassembly process is done through semi-automated method. This might because of 
the application of automatic torque screwdriver in loosen screws. The present findings also revealed that the 
difficulty in removing part is depending on the type of fastener or the part’s design like the snap in cover of step 6 in 
Table 1 [7]. Participants need to pull out the snap in cover carefully or else it will break.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Semi-automated disassembly 
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Fig. 3 shows the time improvement in each disassembly steps. Perhaps by minimizing the complicated manual 
operation and simplify the product structure may helps in achieving the optimal disassembly process sequences. The 
layout of disassembly and material handling throughout the disassembly process need to be considered too [8]. We 
would like to further investigate these issues in our research work, which is still continuously implemented. 
 
5. Conclusion 
This paper presents a reverse assembly strategy for disassembly by using a manual and semi-automated method. 
By taking good advantage of the standard operating procedure, it is verified that disassemble process by using a 
standard operating procedure is more pertinent than random method in terms of time, difficulty and the condition of 
disassemble parts. There are several recommendations that have been identified throughout this study, which may 
direct future studies. Further research should be conducted on separating the parts according to its material such as 
plastic and metal. Thus, the recycling and maintenance process can be done faster since an economical recycling 
depends on the possibility to mechanize or automate the disassembly process.  
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